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Abstract

The hot summer in 2003 brought a considerably increased mortality in many parts of West-
ern and Southern Europe: Europe-wide at least 25,000 cases of death were caused by the
extreme heat. The impact of this extreme weather event on the population in Austria
has not been sufficiently studied so far. In the light of the expectation that such events will be
much more prevalent in the near future such an analysis seems important.

In StartClim2005 daily mortality due to temperature-effects in the past were analysed for Vi-
enna. In time-series analyses the impact of relevant meteorological parameters from various
Viennese monitoring sites on daily mortality in the years 1990-2004 was calculated, based
on the definition of heat waves by Kysely: essentially three or more consecutive days with
maximum temperatures above 30°C.

In the analysed period an increase in daily mortality on “Kysely days” of approximately 10%
(7.8 % — 15.8 % depending on the model used) resulted. This is comparable to the mortality
increase during epidemic influenza days. Possible confounders (especially ozone levels for
hot days) do not influence the estimates for “Kysely-days”.

Synoptic downscaling (as developed in the project StartClim 2004.B) was applied to estimate
local maximum temperatures from the global climate model scenarios for the future. Based
on the projections of three scenarios the annual number of hot days and of days during
Kysely episodes was estimated for three different future periods. While currently approxi-
mately 12 hot days per year are observed, this number will increase to approximately 18 by
the years 2011-2040. Until the end of this century, depending on the scenario, 26 to 38 hot
days are to be expected at Hohe Warte while in the Inner City of Vienna the figures will be
even higher.

All scenarios show an increase in the number of heat caused deaths. By the end of this cen-
tury 0.5 to 1.6% of all deaths in Vienna will be caused by heat. Per year this translates into
50 to 200 additional deaths compared to current figures. These estimates are in accordance
with the observations from the 2003 heat wave, when approximately 5 more deaths per day
occurred than in the previous year

During the hot days in 2003 ambulance calls were also more frequently than on normal days.
However no increase was seen for hospital admissions during extreme temperatures. This
should give cause to check whether the health care system is sufficiently reactive to and
prepared for stressful events like heat waves.

Heat episodes following the Kysely-definition are only one way to show the influence of tem-
perature. Nocturnal cooling in hot regions or during periods with high temperatures greatly
affects peoples” physiological well-being. Reduced nocturnal cooling is one reason for the
higher physiological stress in cities. As known from climate data analysis, minimum tempera-
tures have increased more strongly than maximum temperatures (IPCC 2001). Therefore the
effects of nocturnal cooling should be investigated in addition to the above analysis of the
correlation between mortality and “Kysely-days”.

In the center of the City of Vienna (Wien — Innere Stadt) there are 30 more days per year that
show a minimum temperature of 15 °C or above (85.8 days per year) than at a station at the
outskirts of the city (Wien Hohe Warte, 55.5 days per year). In Innsbruck, a city in an Alpine
valley, the difference between urban and suburban areas is only 10 days (31.0 vs. 20.4 days
per year). High nocturnal temperatures do not occur as frequently in valleys and basins as in
the eastern plains of Austria due to the nocturnal formation of atmospheric inversions by cold
drainage flows.

Comparing the climatic norm period 1961-1990 with the period 1985-2005 almost all ana-
lysed stations show at least a doubling in the number of warm nights per year (Tmin >
18 °C). At some stations (e.g. Bad Gleichenberg) minimum temperatures were observed
recently that were higher than any that occurred during the climatic norm period.
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The nocturnal temperature minimum has a clear impact on the increase of mortality, even
stronger than the daily maximum. One single event of nighttime minimum temperatures ex-
ceeding 20 °C (which is no rare event, particularly in cities) has the same effects as a heat
spell of three days duration. Warm nights between hot days have an even more significant
effect on mortality rates.

Climate scenarios for the next 20 or 50 years assume an increase in the frequency of high
nocturnal temperatures in summer and therefore increasing physiological stress. For the sta-
tion “Graz-Universitat” scenarios indicate an increase in days with minimum temperatures of
18 °C or more compared to the period 1961-1990 of 4.5 and 15.1 days/year for 1989-2018
and 2019-2048, respectively. For “Wien-Hohe Warte” 2019-2048 scenarios suggest similar
conditions as presently found at City Centre of Vienna (Wien-Innere Stadt).

These analyses show that the assessment of heat related deaths might profit from integrat-
ing nocturnal cooling into the definition of heat spells.

Drinking water supply in Austria is sensitive to extreme events related to climate change
in terms of quality and quantity. The hot summer 2003 showed this clearly. But drinking water
supply is not only jeopardised by lack of precipitation. In recent years meteorological extreme
events — especially floods and droughts - have caused emergency and disaster situations for
drinking water supply in Austria. The type of damage occurring during precipitation events
depends strongly on the intensity of rainfall (heavy precipitation events tend to cause de-
struction of infrastructure, while continuous steady rain tends to flood the intake area). An
example for the destruction of infrastructure during heavy rainfalls were the floods in Tyrol
and Vorarlberg in 2005. Typical for the damage due to steady rainfalls were the second
floods in August of the year 2002 in Upper- and Lower Austria. Droughts mainly affect the
intake areas, especially those intake areas with a low soil coverage over the ground water
body.

By analysing past damages measures can be derived to reduce the probability of disruption
of the drinking water supply. With astonishing little effort in planning or operational manage-
ment drinking water supply can sometimes be assured during extreme events. These ar-
rangements involve: disaster preparedness (organisational and technical arrangements),
provisions when an extreme event is imminent, and a crises- and catastrophe management
in case of emergency (drinking water emergency supply, information policy and cooperation
with the media, collaboration with crises- and catastrophe management group).

The comparison of different national and regional concepts has shown that safety in drinking
water supply depends strongly on stimulations offered to water suppliers by the federal
states (e.g. financial stimulations). Styria, for example, is sponsoring arrangements that go
towards assuring the supply during extreme events. Therefore the impacts of the drought
2003 were not as serious in Styria as in other Austrian provinces.

Climate change scenarios show an increase of the frequency of extreme events. To make
sure that water suppliers are well prepared for this development, integral planning proce-
dures (e.g. the Water Safety Plan (WSP) of the WHO) must be taken into account. Further-
more water suppliers should focus on a greater diversity in the water supply sector in order to
reduce their vulnerability in case of extreme events.

Predicted climate warming will likely change the potential range of different plants and
animals within Austria. Highly mobile species will be among the first to follow shifting climatic
range margins. Special interest is naturally paid to species man considers to be either harm-
ful or beneficial. Species that affect human health or reduce quality or quantity of agricultural
production are considered to be harmful.

Common ragweed, Ambrosia artemisiifolia, an annual herb native to North-America is
one of the harmful species affecting human health. It has demonstrated considerable mobility
during its recent invasion into large parts of Eastern- and Central Europe. Unfortunately, Am-
brosia is a highly problematic alien species with respect to human health due to ample pro-
duction of allergenic pollen.
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Within Austria, its main distribution is limited to the warm, eastern parts of the country as yet.
However, climate change may trigger a rapid new wave of invasion into currently unoccupied
regions. Consequently, allergic reactions are likely to increase among Austrians.

recent
climate conditions

Graphic: Distribution of Ambrosia’s potential habitats under various climate change scenarios (numbers indicate
increase of July mean temperature)

The potential extent of such a range expansion of common ragweed in Austria under various
climate change scenarios was assessed by means of simulation models. Models are based
on analysing the bioclimatic envelope of the current Ambrosia range using information from
Austrian distribution data together with climatic and environmental maps. Results were then
used for predictive simulation of range shifts driven by potential climate change, based on
three different scenarios. These simulations suggest a six-fold increase of the area suitable
to Ambrosia even under a comparably moderate warming scenario (+ 2°C mean July tem-
perature) until 2050. More severe temperature rises (4.8°C and 6.4°C, respectively) will
make 67% or 80% of Austria potentially suitable for common ragweed. Protecting new re-
gions from ragweed turns out to be a very complex problem due to various anthropogenous
dispersal pathways (e.g. deployment of contaminated birdseed, seeds sticking to car wheels
etc.). Thus, effort has to be put into developing a co-ordinated European-wide initiative
against ragweed.

Organic production of crops is particularly affected by invasive plants and animals because
there are fewer possibilities to combat them. Therefore it is important to investigate if and
how far the recent changes in composition and abundance of pests and beneficials in or-
ganic crop production of Eastern Austria can be attributed to climate change.

The available literature on the influence of climate on biology and on the occurrence of con-
spicuous pests mainly dates from before the 1960°s. For recent, climate related changes in
pest status, published data are lacking in Austria as well as in the neighbouring Eastern Mid-
dle European countries. Therefore, remarkable recent pest outbreaks were documented from
existing data and evaluated for their climatological background on the one hand, whereas
changes in the status of domestic as well as immigrant pests and their possible causes were
documented by interviewing plant protection experts on the other hand.

In recent years an increasing pest pressure was found for a number of species of cereals,
root crops, oil-, protein- and fodder crops, caused rather by changes in cultivation systems
(e.g. crop rotation, reduced soil cultivation) than climate change. Several other pests, mainly
for cereals (including maize) showed outbreaks from 2000 onwards, with a maximum in the
extremly warm and dry year 2003. In case studies for two selected pests (wheat bug, sugar
beet weevil) and one beneficial species (dock leaf beetle) the weather and climate-related
background of their distribution and abundance was investigated. In comparing the “wheat
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bug years” 1953 and 2003 similarities in weather-trends were detected, which might have
caused the bug outbreaks in the respective years. The extreme year 2003 enabled a mass-
reproduction of the warm-preferring sugar beet weevil followed by maximum damages in the
following year 2004. Distribution and abundance data of the dock-leaf beetle are correlated
with differences in regional climate and climate-anomalies.

From these results, the demand for long-term monitoring of climate related fauna changes in
agrarian production was derived, aiming at risk-prevention of climate-caused pest calamities.
A methodological approach towards a suitable long-term monitoring system was worked out.

Human activities influence the range of expansion of pests, for example by using glass-
houses. Some pests and beneficials adapted to certain temperatures could only exist in
glasshouses so far and may now survive outside in warm winters and then extend their
range of expansion. One such pest is Western Flower Thrips (WFT).

Published data of laboratory experiments claim that adults of Western Flower Thrips (WFT) -
a key glasshouse pest - can survive at a temperature of +5°C for only 26 days. This would
nearly exclude survival in outdoor conditions even in Southern Europe, where the pest is
known to occur outdoors. It is therefore assumed that overwintering is successful if continu-
ous development of WFT at least at a low level is possible during the winter months. Numer-
ous publications about damage on typical outdoor cultures such as wine or nectarines by
WFT show that the most northerly outdoor occurrence presently is situated in the Italian
province of Emilia Romagna. There the mean daily maximum temperatures during winter
range between 7° and 8°C, and temperatures higher than 15°C occur in intervals of less than
3 weeks. These winter conditions are thought to be similar to the temperature threshold that
allows overwintering of WFT. According to scenarios predicted for alpine regions, winter
conditions that presently occur in the Emilia Romagna could prevail in the warmest regions of
Austria towards the middle of this century. Accordingly, it is considered to be very likely that
WFT escaped from greenhouses could overwinter outdoors in Austria from then on. In that
case fruitcrops and grapes could be damaged by this new key pest.

Tularaemia is an infectious bacterial disease that can be transmitted to humans. Looking
at the area of incidences of tularaemia leads to the assumption, that there is a connection to
climate change. A total of 271 cases of tularaemia in hares was recorded and georeferenced
in the area under investigation (Lower Austria, Burgenland, Styria) in the period from 1994 to
2005. Temperature and precipitation data for the selected region provided the basis for cal-
culating an altitude dependent temperature distribution for suitable monthly means and pe-
riod sums. The special distribution of precipitation was calculated using the geostatistical
universal kriging method without taking the influence of altitude into account. An astoundingly
good correlation was established between the two climate parameters and local disease in-
cidence using a linear regression model.

Of special note is the highly significant (p< 0.05) influence of the parameters selected (num-
ber of hares affected; average of monthly mean temperatures for December, January and
February; monthly mean temperature for May; precipitation sum for June and July) on the
incidence rate of the disease and the coefficient of determination obtained (R? = 74.6 %).

These findings provided the basis for specifying empirical limits for the parameters defined in
the formula, which best correspond to the actual spatial distribution obtained by geographical
analysis. Hence, the probability of tularaemia occurrence is high for a total annual precipita-
tion below 720 mm, a summer precipitation rate around 180 mm, a winter temperature above
0.5° Celsius and a May temperature below 14° Celsius.

A temperature increase of 2 to 4°C was assumed for estimating the distribution area of the
disease by 2035. Under these conditions, tularaemia might slowly spread from the eastern
lowlands via the Danube valley to the west and via southern Styria further to the south. Addi-
tional incidents of the disease could also occur in inner Alpine areas providing favourable
climatic conditions. This means that a huge extension of the potential tularaemia distribution
area from currently 13% to 46.5% of the Austrian territory might be expected. It therefore
appears advisable to provide potential risk groups (hunters, foresters, farmers, laboratory
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staff, taxidermists, housewives etc.) with targeted information on the risk and recommenda-
tions for behaviour in endangered areas.

Modification of vegetation may necessitate more adaptations in fauna than adaptations due
to changing climate conditions themselves. In higher regions within the Alps such adapta-
tions often are not possible. Wild animal species such as the black grouse, snow
grouse, chamois and ibex have for example adapted to life in an Alpine environment
above the tree line in the course of their evolution and thus form part of this very sensitive
ecosystem. The habitat of these wild animal species might be substantially reduced by a po-
tential upward movement of the tree line as a result of climate change. An attempt was made
to quantify these changes with the aid of models and a geographical information system
(GIS). The calculations were based on the temperature development of the past 50 years
and an estimate of future warming. The exemplary scenario derived from a climate model
predicts a warming of approx. 2.2°C for the area under investigation (Niedere Tauern) over
the next 50 years.

The natural elevation of the tree line strongly depends on temperature. A high correlation
was found between the growth limit of trees and the 10°C July isotherm. The climate model
used for this analysis shows that the relevant isotherms will rise by approx. 450 m over the
next 50 years. The temperature changes, however, strongly depend on the climate model
and the scenario that is selected. No statement can be made on how fast the tree line ad-
vances towards the temperature related growth limit without additional research work. Hu-
man management practices also have a substantial influence on tree line position so that
changes in the future tree line cannot be derived from climatic data alone.

The current habitats of the animal species investigated were determined and mapped using
a knowledge based habitat model and a GIS. The present suitable habitats for snow grouse,
e.g., are shown in the figure below. Assuming that the future tree line will adjust to the
changed calculated temperature of the decade 2040 - 2050, this shift will lead to a dramatic
loss in suitable habitats, which may range from 78% to 98% depending on the season and
animal species. The habitat loss to be expected for snow grouse is also illustrated in the fig-
ure.

Eignung als Lebensraum

termporér moglich
P ut geeignet

Figure: Current and predicted habitat suitability for snow grouse assuming a temperature increase of 2.2.°C and
derived shift in the tree line

Development of the meteorological extreme event database MEDEA (Meteorological Ex-
treme event Data Information System for the Eastern Alpine Region) was begun at the time
of the first StartClim-projects. Since then MEDEA has been continuously extended and im-
proved. It is designed to provide a long term archive for data relevant to extreme weather
events in Austria for scientists working in climatology as well as those working on the conse-
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quences of climate change with features to allow integrated analyses of diverse data related
to extreme weather events.

A comprehensive view of extreme weather events including besides meteorological, clima-
tological and geomorphological data also data such as damages, health impacts etc., is an
extreme complex task. The possibility to map those heterogeneous data and to allow an in-
tegrated analysis requires extensive preparatory work. The very complex database MEDEA
is therefore still in the development phase. Data integrated in MEDEA till now have only ex-
emplary character. Within StartClim2005 the data set was extendend and a web access for
data base queries was programmed and implemented.
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1 Theresearch programme StartClim

The climate research programme StartClim was implemented 2002 following extensive
floods in Austria based on an initiative of the Austrian Federal Minister of Environment.
StartClim developed into a research programme for new topics concerning climate and cli-
mate change, analysed from different points of view and by different scientific disciplines.
Results achieved so far demonstrate that substantial research work on climate, climate
change and its impacts in Austria is essential. The increasing number of Austrian scientists
participating in StartClim shows, that the required know-how is available in Austria and grow-
ing.

StartClim is financed by an investors consortium presently consisting of eight institutions. In
the coordinating group the investors develop the topics of research together with the scien-
tific project leader. An international advisory board reviews project applications and final re-
ports. The administrative tasks are assumed by the Austrian Federal Environment Agency.
The scientific responsibility lies with the Institute of Meteorology, Department of Water-
Atmosphere-Environment, BOKU - University of Natural Resources and Applied Life Sci-
ences Vienna.

New topics picked up in StartClim cannot be studied in depth within StartClim due to limited
funding. StartClim research projects are therefore intended to subsequently be carried farther
in the framework of normal research funding or as studies commissioned by interested stake-
holders.

Working on new topics gives young researchers the opportunity to start their research work
within the frame of StartClim.

Finally, StartClim offers added value to the investors financing the programme jointly. Each
investor profits from the joint administration and quality control. Furthermore synergies be-
tween projects and institutions have proven very usefull.

1.1 StartClim2005

The StartClim2005 topic “Climate Change and Health” affords an opportunity for first analy-
ses of relations between health and climate change in Austria, a question which received
some public attention in the very hot summer of 2003. Besides questions dealing with the
effect of extreme temperatures on mortality including future projections for Austria the prob-
lem of how drinking water supply can be guarantied during extreme events or the dispersion
of invasive plant species causing allergic reactions are treated. Changes in habitats of cer-
tain animals may spread diseases, as in the case of rodents seized with tularaemia that will
primarily affect certain risk groups (f. e. hunters).

Dispersion of agricultural pests not known in Austria to date may lead to losses of quality and
quantity in food production. Some pests disperse naturally due to climate change, others that
could so far only survive in glasshouses may be able to survive outside the glasshouses in
the near future when winter temperatures are sufficiently high. Both could trigger increased
use of pesticides and new regulations may be necessary to protect human health. In many
cases analyses of new pests and beneficials within organic crop production may provide bet-
ter and earlier indicators for occurring changes, as no chemicals are applied to combat pests.

The meteorological extreme event database MEDEA was extended and improved in Start-
Clim2005.

1.2 Structure of this report

The StartClim2005 report consists of an overview of the results in both German and English
along with a (separately bound) documentation in which the individual projects are described
in detail by the respective project teams. All reports will be published as a CD as well.
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A complete list of former StartClim projects, the institutions and researchers involved can be
found in the annex.

1.3 How StartClim2005 worked

The organisational structure of StartClim2005 was similar to that of former StartClim phases.
StartClim2005 consists of eight subprojects that encompass 28 persons from 14 different
institutions, representing far more than the 60 months of scientific work calculated in the pro-
ject proposals. The breakdown of participating scientists reveals six female contributors and
nine contributors under 35 years of age.

In order to promote scientific exchange between the individual subprojects, two workshops
were held with members of the scientific board participating. All scientists were invited to
present the results of their ongoing work and to discuss linkages between the subprojects.

The Information and data exchange within the StartClim community was again supported by
the FTP server and the StartClim webpage (http://www.austroclim.at/startclim/) at the Insti-
tute for Meteorology of the BOKU University of Natural Resources and Applied Life Sciences,
Vienna.

Scientific literature pertaining to the 2005 projects will be added to the literature data base
that was set up during StartClim2003 and is available from the StartClim home page, as are
all the project reports.

1.4 MEDEA - Meteorological Extreme event Data information system for the Eastern
Alpine region

The meteorological extreme event database MEDEA was extended and improved in Start-
Clim2005. MEDEA is designed to provide a long term archive for data relevant to extreme
weather events in Austria for scientists working in climatology as well as those working on
the consequences of climate change, with features to allow integrated analyses of diverse
data related to extreme weather events in Austria.

A comprehensive view of extreme weather events including besides meteorological, clima-
tological and geomorphological data also data such as damages, health impacts etc., is an
extreme complex task. The database called MORIS developed by the Umweltbundesamt can
deal with this complexity. The MORIS PowerBuilder Client facilitates the handling and storing
of data in an ORACLE database as well as the data selection.

MORIS was already tested successfully in 2003 regarding the requirements of the meteoro-
logical extreme event database MEDEA. A proposal how to structure the data in MEDEA
was elaborated and implemented. The fact that the data comes from diverse sources and
thus not all data is of the same quality, accuracy and dependability is an important factor.
This should be visible in the database. In this respect the ,Uncertainty Concept® by Moss and
Schneider was implemented. After that test data were imported in MEDEA.

To facilitate the external access to the MEDEA data a JAVA Web application was pro-
grammed. A registered group of users can define their queries in a password protected web
portal. Users can design and store their queries for further use reasonable grouped in a hier-
archical tree structure. No SQL knowledge is needed for appliers.

In addition, a search function was implemented to allow the easy retrieval of stored queries.
Registered users are able to search for predefined queries and display them in a list or a tree
view. By clicking one of the listed queries the results are shown directly. This option in-
creases the useability of the web client.

Data sets can be reduced in size or time by using the function “time period” or pivot. By using
the filter function data sets can be further narrowed. The web portal offers the opportunity of
showing data sets as a graph or a list. The time period the user is interested in can be de-
fined for each query.
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For the web portal four different user roles were defined. Depending on this, users are al-
lowed to develop new queries or only view predefined queries with no right of changing them.
Furthermore the user role defines if datasets can be downloaded or not. The format for the
download is Excel or SPSS.

The further technical development of the web client is addressed. With the planned function-
alities users will be able to handle the data more easily. Due to a cartographic application the
data sets will be visible in maps too.

Beside the technical the organisational and scientific part of the database is essential. ME-
DEA tries to put together data from different data sources. But an integrated analysis will only
be able with data compatble with each other and available for all sectors. These data are
stored by different organisations using methods of data gathering which are not homogenous
a priori. Data cover different time periods. Different terms and definitions are used that make
integrated analyses difficult. Furthermore due to the legal restrictions not all of the data can
be provided for MEDEA easily.

For the further development of the database a common ontology is important. An ontology is
a formal defined system of concepts and relation to structure existing information and to
combine.

Furthermore, it will be a central requirement to facilitate the interlinkage of different data
sources with network technologies and to merge data sets virtually.

The aim of allowing integrated analyses of diverse data related to extreme weather events
can only be reached by a stepwise extension regarding the techniques and the content of the
database which has to be continued in the next years.
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2 Direct Impact of Climate Change on Human Health

2.1 StartClim2005.Ala: Impacts of Temperature on Mortality and Morbidity in Vienna
Rationale

In the summer of 2003 in France alone approximately 15,000 persons died due to the ex-
treme heat; for the whole of Europe estimates range between 25,000 and 60,000 deaths. Hot
temperatures affect human health through various mechanisms: Loss of salts and dehydra-
tion can directly disturb the regulatory capacities of the body. Persons with pre-existing dis-
orders of the cardiovascular or endocrine system are endangered even by relatively moder-
ate increases in temperature. While short episodes of hot temperature are well tolerated by
most persons a prolonged episode especially with lack of cooling during the night increases
the risk.

It is expected that in the course of the global climate change the number of hot days will in-
crease and this will have a direct impact on human health.

In the framework of StartClim2005 the impact of hot days on mortality and morbidity as well
as the future prospects were investigated for the first time for Austria. Because shifts in
“moderate” (normal) temperatures and in exceptionally hot days call for different preventive
strategies both were analysed separately in this study.

It is well known that temperature has a non-linear influence on daily mortality with the lowest
mortality counts on days with moderate temperatures. For Vienna this optimum lies at a daily
maximum temperature of 20°C. This optimum differs between regions, indicating a capability
for long-term adaptation to local climate. This adaptation is not so much based on physio-
logical processes but on socio-cultural measures such as techniques in building construction
and maintenance. Therefore climate change, as it affects average temperatures, also the
calls for long-term measures.

s(Tmax, 5)

-10 0 10 20 30

Tmax

Fig. 1: Number of daily deaths in relation to the daily maximum temperatures
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The situation is quite different with exceptional heat episodes that are so rare that preventive
measures are rather needed in terms of organised activities of the healthcare system and the
public health institutions.

Scientific literature describes different definitions of heat waves. Within this context the defini-
tion by Kysely, which was developed for Central Europe, is used: Kysely periods are periods
of at least three consecutive days with daily maximum temperatures of at least 30°C that
continue as long as maximum temperature does not drop below 25°C and the average daily
maximum temperature remains at 30°C or above. Days of such periods are called “Kysely-
days” below.

In the statistical model the influence of the “moderate” temperature was entered as a poly-
nomial spline while Kysely-Days were entered as binary variables.

Mortality in figures

In the years 1990 — 2004 in total 206 Kysely-Days were observed in Vienna. On these days
on average 53.91 persons died, while during the other summer days (June — August) only
46.58 persons died. This equals an increase of 15.75%. When the more complex statistical
model was applied the increase in daily mortality on Kysely-Days was only 7.8%, while the
remaining increase in mortality was attributed to the continuous change of the temperature
(above the optimal 20°C).

To better grasp the impact of hot days these effects are compared to the impact of influenza
epidemics in Vienna in winter. In the same period 713 influenza-days were observed. Com-
pared to the other winter days (December — February) on the influenza-days 6.73% more
people died (on average 59.69 instead of 55.93). So the relative increase in daily mortality on
hot days is comparable to the effect of an influenza epidemic. But of course in the observed
period (1990-2004) there were more days with influenza than hot days. So overall the impact
of influenza was greater.

Tab. 1: Calculated and the counted numbers of deaths on Kysely-Days and in the summer (June -
August). The increase in daily deaths during influenza epidemics is shown in comparison.

summer (June-August) number of days winter (Dec-Feb)  Whole year
number of deaths counted calculated counted counted
all days 47,67 1380 All days 57,43 51,18
no Kysely-day 46,58 46,58 1174 No influenza 55,93 50,01
Kysely-day 53,91 206 influenza 59,69 59,01
increase 7,33 3,63 3,76 9,00
increase % 15,75 7,80 6,73 17,99

Increase of daily mortality due to climate change

The future number of Kysely-Days was calculated based on two distinct scenarios (A1B and
B1) proposed by the IPPC. The first is based on the continuation of high CO, emissions and
thus a rather strong increase in temperature, while the latter is very optimistic regarding fu-
ture emissions and thus forecasts only moderate increases in temperature. Calculations
were performed for the meteorological station “Hohe Warte”. The number of Kysely-Days
would even have been higher if the calculations were based on the inner city temperatures.

While from 1990 till 2004 on average 13.7 Kysely-Days were observed per year (and already
in this period an increasing trend was observed), according to the “warmer” scenario A1B
this figure will increase to 14.6 (2010 to 2039), 24.3 (2036 to 2065), and 39.4 (2061 to 2090).
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These figures multiplied by the calculated (3.63) and counted (7.33) figures of additional daily
deaths on Kysely-Days give estimates for future death tolls of heat waves.

Tab. 2: Annual deaths due to climate change assuming scenario A1B or B1 for overall increases
(counted raw data) and increases statistically attributed to heat waves (calvulated numbers).

additional deaths per year additional deaths per year
counted raw data calculated numbers counted raw data calcul:ta)teerg num-
currently (1990-2004) 100,67 49,85 -
time frame Szenario A1B Szenario B1
2010-2039 107,02 53,00 80,63 39,93
2036-2065 178,12 88,21 117,28 58,08
2061-2090 288,07 142,66 168,59 83,49

In the years 2010 to 2039 there is no significant increase in the health impact compared to
the recent past (where the extremely hot summer of 2003 already caused a high toll). But
until the end of this century the increase in the number of deaths attributable to heat-waves is
impressive. According to the extreme scenario 1.6% of all deaths will be caused by heat-
waves, according to the moderate scenario 0.5%. This would mean that per year approxi-
mately 100 to 300 persons will die because of heat-waves in Vienna. Compared to current
findings this means about 50 to 200 additional deaths.

300

W laut Berechnung
B laut Zahlung

200

150
100 -
50 I ‘ ‘ ‘
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

1990-2004 2010-2039 2036-2065 2061-2090 1990-2004 2010-2039 2036-2065 2061-2090

Fig. 2: Number of annual deaths due to heat. Two scenarios (A1B and B1) and results from two statis-
tical models based on the years 1990 - 2004 are compared

On the whole most of the deaths are seen in elderly people. Therefore the effect of heat-
waves is more easily demonstrated statistically in this age-group. Women (above 65 years)
experience a higher increase in mortality on hot days, while for the whole range of age
groups no significant difference was observed between males and females. Practically all
causes of death increase on hot days. The increase was exceptionally strong for respiratory
diseases.
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During hot days also ambulance calls are more frequent. However, no increase in hospital
admissions was seen with extreme temperatures. This should give cause to check whether
the health care system is sufficiently reactive to and prepared for stressful events like heat
waves.

2.2 StartClim2005.Al1b: Nocturnal cooling under a changing climate

The distribution of monthly mean temperatures in Austria is mainly influenced by altitude.
Fig. 1a shows the pattern for July. The lowest temperatures are to be found across the Al-
pine ridge and the highest temperatures in the eastern lowlands that are more continentally
influenced. The distribution of heat-days - days with a maximum temperature of 30 °C or
more - shares many features with the mean temperature in July (Fig. 3b). The north-eastern
part of Austria shows highest frequencies but high values can be reached in the southern
basins and in the inneralpine Inntal as well. Thermal exposure, which depends on tempera-
ture, wind speed and humidity, is still another parameter that is commonly used to character-
ize thermal properties of regions. Areas of high thermal stress (Fig. 3c) are within the south-
eastern part of Austria (Styria) and to a somewhat lesser extent in the east (around Neusied-
lersee), in southern basins (Klagenfurter Becken) and in the valleys of the rivers Rhein and
Inn.

Juli-Mitteltemperatur in Osterreich (1961-1990) Anzahl der Hitzetage in Osterreich (1961-1990)

0.7 %5 v 2 Fir -
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Fig. 3: Thermal conditions in Austria, characterized by different aspects: (a) monthly means, (b) heat-
days and und (c) thermal exposure (bio-climate).

The high temperatures displayed in the North and the North-east (see Fig. 3a,b) are per-
ceived as ,cooler® due to prevailing stronger winds in this part of Austria whereas in the
Southeast and South lower wind speeds and higher humidity cause higher thermal and
physiological stress. Physiological well-being is influenced by nocturnal cooling as well.
However, this quantity cannot be easily read from figure 3. It is known that reduced nocturnal
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cooling, especially in big cities, is adverse to human well-being. Dependent on the particular
region the increase of minimum-temperature (achieved during night-time) can be stronger
than the increase of (day-time) maximum temperatures (IPCC 2001). Hence, nocturnal cool-
ing and its temporal development is essential for the assessment of thermal stress. In the
following the nocturnal minimum temperature will be taken as a substitute for nocturnal cool-
ing. The frequency distribution of minimum temperatures is investigated for a historical period
(1961-2005) and, based on climate change scenarios, for a future period up to 2050.
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Fig. 4: Changes in the frequency (days/year)of nocturnal minimum temperatures equal or above dif-
ferent thresholds for “Wien Hohe Warte” and “Klagenfurt” during the period 1961-1990 (lower line) and
during the period 1985-2005 (upper line).

Tab. 3: Frequencies (days/year) of nocturnal minimum temperatures equal or above different thresh-
olds for the analyzed stations in Austria during the period 1961-1990 (climatic normal period) and the
period 1985-2005.

Station Climatic Normal Period 1961-1990 Period 1985-2005

>=15°C| >=16 °C| >=17 °C| >=18 °C| >=19 °C | >=20 °C| >=21 °C| >=15 °C | >=16 °C| >=17 °C | >=18 °C | >=19 °C| >=20 °C| >=21 °C
Wien Innere Stadt 85,8 67,9 51,8 37,5 24,6 14,8 7,9
Wien Hohe Warte 45,2 30,4 18,4 9,9 3,8 1,6 0,5 55,5 39,9 26,8 16,3 7,7 4,0 1,4
Mariabrunn 17,8 10,4 5,3 2,6 1,1 0,4 0,1 30,9 19,3 11,1 5,4 2,4 1,2 0,2
GroRenzersdorf 30,8 17,5 9,5 4,7 1,9 0,6 0,2 45,7 30,5 18,8 10,6 5,3 2,3 0,9
Eisenstadt 45,1 31,2 19,6 10,9 54 2,2 0,6 51,6 38,3 23,5 13,1 6,4 3,2 1,0
Bregenz 33,3 20,5 10,3 4,7 1,8 0,5 0,2 45,0 31,1 19,3 10,2 4,4 1,7 0,5
Klagenfurt 11,0 3,8 1,1 0,1 0,0 0,0 0,0 24,7 12,0 4,4 1,3 0,3 0,2 0,0
Graz Uni 33,6 19,6 9,6 3,6 1,0 0,3 0,1 44,8 29,5 16,8 7,8 3,1 1,0 0,2
Graz Flugplatz 16,5 7,3 2,5 0,7 0,2 0,0 0,0 39,2 24,4 13,4 5,8 2,4 0,8 0,3
Bad Gleichenberg 23,1 12,4 4,5 1,4 0,5 0,0 0,0 35,4 21,5 10,1 3,7 1,2 0,3 0,1
Innsbruck Uni 16,9 7,3 2,6 0,6 0,2 0,0 0,0 31,0 17,2 74 2,3 0,7 0,3 0,0
Innsbruck Flugplatz 11,2 4,4 1,3 0,3 0,1 0,0 0,0 20,4 9,3 3,0 0,9 0,3 0,1 0,0
Bad Radkersburg 42,3 27,4 14,6 6,0 2,0 0,6 0,1

Investigation of the historical dataset (1961-2005)

The comparison of the ‘climatic normal period’ (CLINO=1961-1990) to 1985-2005 shows at
all analysed stations a pronounced shift in the frequency distributions for thresholds of mini-
mum temperatures (Tmin) towards higher values (Fig. 4). The quantity of days per year ex-
ceeding 18° (Tmin >= 18 °C) has at least doubled with the exception of the stations “Wien
Hohe Warte* and “Eisenstadt®. Other threshold values for Tmin show a comparable increase
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(see Tab. 3). Furthermore, at some stations 1985-2005 comprises minimum temperatures of
more than 21 °C that did not occur in CLINO (e.g. Bad Gleichenberg).

Urban Heat Island

The comparison of stations within cities to suburban or rural stations generally shows a no-
ticeable higher number of days exceeding any threshold-level of minimum temperatures.
This reflects the urban area with dense buildings, sealing of most surfaces and sparse vege-
tation. The urban surfaces are heated during the day and the release of energy during the
night causes reduced nocturnal cooling. This heat island effect is evident for Vienna and
Innsbruck. The (CLINO-based) average of days with Tmin >= 15 °C in the suburbs is 55.5
days/year for “Wien Hohe Warte” and 85.8 days/year the inner city of Vienna (Wien Innere
Stadt), a difference of 30.3 days/year. The difference (between “Wien Innere Stadt” and
“Wien Hohe Warte”) decreases with increasing levels of Tmin, due to the decreasing fre-
quency of Tmin exceeding higher threshold values. The ratio of corresponding frequencies,
however, increases. Hence, the frequency of Tmin >= 19 °C, for instance, is 3 times larger at
“Wien Innere Stadt” than at “Wien Hohe Warte” (24.6 times to 7.7 times per year). This re-
sults in a difference of 16.9 days per year. At the station “Innsbruck-Universitat” the urban
heat island effect causes an excess of more than 50% of days/year for several threshold
levels (e.g. for 1985-2001, Tmin >= 15 °C occurs on average 20.4 days at “Innsbruck Flug-
platz® and 31.0 days at “Innsbruck Universitat”).

The difference between urban areas and rural areas at present is in many cases larger than
the shift due to climate change.
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Fig. 5: Urban heat island: Comparison of the frequency (days/year) of nocturnal minimum tempera-
tures equal or above different thresholds for “Wien Hohe Warte® and “Wien Innere Stadt® during the
period 1985-2005.

Relation between minimum temperature and mortality

Daily mortality rates in Vienna are linked to several indicators of heat (Fig. 6) with a varying
strength of the correlation. The exceedance of Tmax >= 30 °C, for instance only predicts a
small additional mortality risk. The mortality rate also increases with increasing nocturnal
minimum temperature. During heat spells (as defined by Kysely 2004) the increase in risk is
higher compared to single hot days. This risk is still higher when high minimum temperatures
are considered as well. This is shown in the example of “warm nights® (in Fig. 4). The term
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“‘warm night” refers to a sequence of a hot day (Tmax >= 30°) preceding and following a night
with lack of cooling (Tmin >= 18 °C). An increase in mortality rate of almost 12% in Vienna
(with approximately 45 daily deaths in summer) results in an excess mortality of about 5 ad-
ditional deaths per day. These calculations were made without the statistical approach to
separate the influence of temperature shifts from heat episodes (see StartClim2005.A1a).
Nevertheless, they indicate that including nocturnal cooling in the definition of a heat episode
would improve the fit of the statistical models and therefore could give a better estimation of
additional heat related deaths.

1.18
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"warm night" Kysely max30 min17 min18 min19 min20

Fig. 6: Increase of mortality rate (relative risk) depending on different parameters and defined periods,
respectively, based on the period 1990-2004 in Vienna (total mortality). The term “warm night” refers
to a sequence of a hot day (Tmax >= 30°) preceding and following a night with lack of cooling (Tmin
>=18 °C).

Scenarios

The decrease of nocturnal cooling, as found in the observations further continues in the sce-
narios: this means a continued increase in the number of days/year with moderate to high
levels of Tmin (Fig. 7). Nights with high minimum temperatures are simulated to become no-
ticeably more frequent. Results suggest that this increase is stronger towards the upper
range of Tmin than at its lower tail. Assuming a minimum temperature of 18 °C or more at
station ,Graz-Universitat”, for example, scenarios indicate a frequency of 12.3 days/year for
1989-2018 and of 22.9 days/year in the period 2019-2048, respectively. This corresponds to
an increase of 4.5 and 15.1 days/year. Thus the increase of the ,warm nights“ (as defined
before) is likely to translate into a progression of deaths due to higher frequencies of nights
at higher levels of Tmin (Tab. 4).

To sum up, increasing frequencies of nocturnal minimum temperatures above certain thresh-
old levels are to be observed throughout the last decades. Regionalized climate scenarios
suggest a further progression in the amount of warm nights for the future. This will very likely
affect the physical well being in general and in particular the degree of regeneration during
sleep.

The levels of minimum temperatures that were not observed in 1961-1990 and the projected
future increase in occurrence of very high nocturnal temperatures can be considered to result
in a growth and intensification of the present regions of high thermal exposure.
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Fig. 7: Historical evolution of the frequency (days/year) of nocturnal minimum temperatures equal or
above different thresholds at station “Wien Hohe Warte” for the periods 1961-1990 and 1985-2005 as
well as the expected evolution based on scenarios for the periods 1989-2018 and 2019-2048.

Tab. 4: Historical evolution of the frequency (days/year) of nocturnal minimum temperatures. Com-
parison of the historic dataset of the stations “Graz-Universitat” and “Wien Hohe Warte” for the periods
1961-1990 and 1985-2005 as well as the expected evolution based on scenarios for the periods 1989-

2018 and 2019-2048.

22,9

>=18 °C

>=19 °C

@ 1961-1990
@ 1985-2005
W 1989-2018 (scenario)
W 2019-2048 (scenario)

>=20 °C >=21°C

thresholds for Tmin [°C]

Graz Universitat >=18 | >=19 | >=20 | >=21 "warm night™
1961-1990 3,6 1,0 0,3 0,1 0,4
1985-2005 7,8 3,1 1,0 0,2 3,3
1989-2018 (scenario) 12,3 | 46 1,1 0,5 4,0
2019-2048 (scenario) 229 | 83 3,0 1,7 7,3

Wien Hohe Warte >=18 | >=19 | >=20 | >=21 "warm night""
1961-1990 9,9 3,8 1,6 0,5 2,7
1985-2005 16,3 | 7.7 4,0 1,4 6,4
1989-2018 (scenario) 235 | 136 | 6,9 34 8,3
2019-2048 (scenario) 336 ] 209 | 108 | 7,3 13,2
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3 Direct Impact of Climate Change on Human Health

3.1 StartClim2005.A4: Impacts of meteorological extreme events on safety of drink-
ing water supply in Austria

During the last years, several extreme meteorological events led to an increasing number of
episodes with problems in water supply (flood 2005 Tyrol, Vorarlberg, drought 2003 e.g.
southern Styria). Depending on the type of extreme events, different damages can result for
the water providing companies. Heavy precipitation events mainly affect infrastructure (wash-
ing out of pipelines, breaking of pipelines due to landslides, destruction of pipes mounted on
bridges, etc.) due to the kinetic energy of the running water. For continuous precipitation
events the damage stems mainly from the flooding of intake area.

Fig. 8: left: Damage on the pipeline route at the Samina (Hans Amman,2005);
right: Groundwater field Frastanzer Ried during the flood 2005 (Hans Amman, 2005)

Dry conditions do not affect the technical equipment, but the intake area itself. Groundwater
bodies lying near the surface are much more affected from droughts than deeper lying ones.
This can be explained by the better isolation of the deeper lying water (e.g. less water extrac-
tion by evapotranspiration).

Based on damage analyses measures to protect against supply interruption can be derived.
These measures can be structured into three phases:

- accident precaution (organizational and technical measures),

- precautionary measures at threat,

- disaster management (alternative drinking water supply, information and media campaign,
cooperation with the regional disaster management)

Table 5 lists possible damage due to flooding and classifies precautionary protective meas-
ures according to the best method and time of avoidance, i.e. in the planning process or in
the operational management. The table also suggests priorities on what to do first — issues
with high risk priority numbers — and what could be done later due to lower priority.

A prerequisite to react appropriately to extreme events is accident precaution. With relatively
little efforts in planning or organizational measures supply interruptions can be prevented. To
be able to set the appropriate actions in case of emergency (e.g. filling of the reservoir, in-
formation of the customers, etc.) the water supplier has to be in contact with the regional
disaster management. The customers have to be informed, also regarding the fact that nor-
mal operating is not possible in all cases. The customers have to be aware that they also
have personal responsibility (e.g. keeping emergency stocks of water). The guiding principles
for information flows (in all directions) has to be to get “ the right information to the right place
at the right time”.
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A comparison of national and international concepts of measures to minimize water supply
interruption showed, that Austrian water supplying companies are highly influenced by the
incentives offered by the particular federal states. Styria prepared a water supply plan in the
1990s that has partly been implemented. This plan includes incentives to stimulate water
supply companies to invest in network improvements and in redundant sources. This in one
of the reasons why the drought in 2003 did not have as serious consequences as in other
Austrian states. Vorarlberg and Carinthia are just preparing, respectively implementing their
water supply plans, including also measures against flooding. But in Austria neither the fed-
eral government nor all the states have clear concepts or regulations on the obligation of
water suppliers to prepare for emergency situations.

Tab. 5: Classification of damage
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1lintake area
1.1|flooding of the intake area 2 1 3 6 12
1.2)increase of river bank infiltration 2 2 3 4 8
1.3leaky house wells 2 2 3 6 12
2 |well
2.1mud accumulation in the well 3 1 3 7 21
2.2ymicrobiological contamination 3 1 3 8 24
2.3loil contamination 3 1 3 9 27
3. |source
3.1|turbidity 2 3 1 3 6
3.2 penetration of contaminated water 2 3 1 5 10
4 |distribution network
4.1lunderwashing of distribution pipes 1-2 3 3 6 12
4.2lunderwashing of culverts 1-2 3 3 6 12
4.3 break of pipe bridges 2 1 3 6 12
4.4slide-valves in flooded areas 2 2 2 4 8
4.9 destruction of valves (water hammer) 2 3 1 7 14
4.6 water infiltration in distribution and transport pipes 3 3 3 7 21
4.7|street and bank destruction 3 2 3 6 18
5 |water treatment
5.1|failure of UV equipment 3 2 2 9 27
5.2/floating of treatment equipment (tanks) 3 1 2 6 18
6. |storage tank
6.1]contaminated water inflow because of permeable sections 2 1 3 4 8
6.2 contaminated water from wells and sources 2 3 2 5 10
7. Imeasurement instrumentation and control
7.1|flooding of instrumentation and control 3 2 2 6 18
7.2failure of electric controlled fittings and devices 3 2 2-3 5 15
7.3 failure of well 2 2 2-3 5 10
7.4 shut down of energy supply 3 2 3 6 18

According to the Swiss legal framework all water suppliers are obliged to ensure the water
supply for the public also under defined model disasters. Therefore every water supplier has
to develop and implement a concept on how the drinking water supply is ensured in the case
of emergency (demand analyses, possibly develop new resources, etc.). In Germany the
water supplying companies (WVU) are also obliged by law to deliver an agreed amount of
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water to the customer under all circumstances. Every interruption has to be repaired immedi-
ately by the WVU.

The Water Safety Plan (WSP) is a new, integral concept of the WHO to ensure water quality
that has been implemented in some waterworks already (e.g. in Tulln). During the implemen-
tation of the WSP an accident precaution respectively a disaster management plan with the
necessary measures can be included. It is intended to include the WSP in the EU-drinking
water regulation that is to be issued by 2008. It will be mandatory to implement this regula-
tion in the national laws and hence will also be binding for the Austrian water suppliers.

When planning future supply infrastructure the effect of present and future climate change
has to be considered. In water demand analysis the growing rates of the water demand are
included as a matter of course, but the question whether the natural water supply in the fu-
ture climate will be sufficient is mostly not investigated so far. Yet, according to state of the
art regional climate change scenarios, the frequency of extreme events affecting the water
supply will increase. To be prepared and to lower the vulnerability for extreme events the
water suppliers have to use integral planning principles and invest in higher diversity of the
water resources. Just as monocultures are more vulnerable against disturbances than cul-
tures with higher diversity, water supplier with a higher diversity in their area (e.g. redundant
sources, networks, etc.) are less vulnerable to extreme events.

3.2 StartClim2005.C5: An allergenic neophyte and its potential spread in Austria —
range dynamics of common ragweed (Ambrosia artemisiifolia L.) under the influ-
ence of climate change

Predicted climate warming will likely allow thermophile plants to expand their ranges within
Austria. Highly mobile species will be among the first to follow shifting climatic range mar-
gins. Non-indigenous common ragweed, Ambrosia artemisiifolia, an annual herb native to
North-America, has demonstrated considerable mobility during its invasion into vast parts of
Eastern and Central Europe, and has reached Austria by the end of the 19" century. Pre-
ferred habitats for colonisation are locations significantly altered by human activities, like
gravel deposits, embankments of railways and highways and abandoned farmland as well as
agricultural land, gardens and grassland. As an agricultural weed the species is known to
decrease crop yields.

Unfortunately, Ambrosia is a highly problematic neophyte (introduced species) with respect
to human health as well, due to ample production of allergenic pollen, which can cause hay
fever and even allergenic asthma.

Analyses showed that its main distribution is limited to the warm, eastern parts of the country
as yet. However, climate change may trigger a rapid new wave of invasion into currently un-
occupied regions. Consequently, allergic reactions are likely to increase among Austrians.

Compilation of distribution data from various sources (i.e.: the project “Mapping the Flora of
Austria”, Dept. of Biogeography, University of Vienna), evaluation of herbarium data and lit-
erature surveys as well as data from the project “Mapping the embankments of main streets
in Lower Austria”) allowed to reconstruct the spatial-temporal process of the spread of Am-
brosia artemisiifolia in Austria (see graph). Four periods can be distinguished:

1. period of rare and impermanent occurrence (1883 — c.a. 1950): small populations of Am-
brosia can be detected, but rarely; introduction is due to separate introductions from far dis-
tances.

2. period of incipient spread (c.a. 1950 — c.a. 1980): increasing occurrences, but Ambrosia is
still rare, best suitable habitats locally show significant increase of durable populations.

3. period of increasing spread and naturalisation (c.a. 1980 — 1995): spread speeds up, large
naturalised occurrences are found.
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4. period of rapid spread (from c.a. 1995): common ragweed is naturalised in lower and
warm parts of Austria, occurrences increase especially in the Northern Alpine foreland, the
Pannonic region (Seewinkel, Weinviertel), for the first time many populations extend area-
wide.
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Fig. 9: Occurrences of Ambrosia in Austria, summarised by decades

Furthermore, the distribution of Ambrosia related to different landuse types was assessed.
Frequent occurrences at waste sites and birdseed sites allow for conclusions on one of the
most important pathways: contaminated birdseeds.

The potential extent of range expansion of common ragweed in Austria under various climate
change scenarios has been assessed by means of simulation models. Models are be based
on analysing the bioclimatic envelop of Ambrosia. This statistical approach relates probabili-
ties of occurrences at a given location to climate and environmental conditions at this site.
The grid of “Mapping the Flora of Austria” is used as a common spatial reference system.
Austria is covered by 2612 grid cells (or quadrants, size approximately 6x5.5 km). All in all,
691 findings of Ambrosia-occurrences from 1883 to 2005 are distributed over 366 quadrants.
In order to describe habitat conditions data on climate (annual and monthly mean tempera-
tures, precipitation sums, number of frost days, etc.), terrain structure (elevation, roughness,
etc.) and landcover/landuse (settlements, streets, agricultural land, etc.) were prepared for
each quadrant.

The model shows significant correlations between occurrence probabilities and a) mean July
temperature, b) landuse-index, c) curvature and d) length sum of main streets. Among these,
temperature has the most important influence. Results indicate that more then % of the quad-
rants are not suitable for colonisation under current climate conditions. Just under 11% are
good or optimal habitats for Ambrosia. However, the picture changes rapidly if range shifts
driven by potential climate change are simulated, based on three different scenarios. These
simulations suggest a six-fold increase of quadrants suitable to Ambrosia even under a com-
parably moderate warming scenario (+ 2°C mean July T until 2050). A higher temperature
rise (4.8°C and 6.4°C, respectively) would make 67% or 80% of Austria potentially suitable to
common ragweed by the end of the century. Only 14% of the quadrants remain unsuitable
for Ambrosia; mostly regions in the High Alps. Thus, in highly populated areas increased risk
of getting in touch with allergenic pollen must be expected.

How fast the process of spread finally takes place depends on speed of climate change as
well as speed of seed-dispersal. These questions cannot be answered with a static model.
Currently specialised dynamic simulations (i.e. diffusion models) are being prepared to as-
sess these processes.

Preventing the invasion of ragweed to new regions proves to be a very complex problem due
to the various anthropogenous dispersal pathways (e.g. deployment of contaminated bird-
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seed, seed sticking to cars wheels, excavation material etc.) Thus, effort has to be put into
developing a co-ordinated European wide initiative against ragweed.

recent
climate conditions

caunty border

Fig. 10: Distribution of Ambrosia’s potential habitats under various climate change scenarios (num-
bers indicate an increase of July mean temperature)
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4 Climate change and agricultural pests an beneficials

Dispersion of agricultural pests not known in Austria to date may lead to losses of quality and
quantity in food production. Some pests disperse naturally due to climate change, others that
could so far only survive in glasshouses may be able to survive outside the glasshouses in
the near future when winter temperatures are sufficiently high, Both types could trigger in-
creased use of pesticides and new regulations may be necessary to protect human health. In
many cases, analyses of new pests and beneficials within organic crop production can pro-
vide better and earlier indicators for occurring changes, as no chemicals are applied to com-
bat pests.

4.1 StartClim2005.C3a: Impacts of climate change on agricultural pests and antago-
nists in organic farming in Eastern Austria

During the last years, the pest spectrum of Austrian organic crop production changed no-
ticeably: well-known, regularly occurring pests (e.g. pea leaf weevil, wireworms) increased in
abundance and damage pressure rose but during the last decades so far inconspicuous
pests suddenly caused heavy damage locally or regionally (e.g. wheat bugs, cereal aphids
as vectors of yellow barley dwarf virus YBDV, sugar beet weevil), and recently invaded insect
species (e.g. cotton bollworm) were recorded the first time as pests in organic farming in
Austria. So far no information is available about comparable, possible changes in the devel-
opment of beneficial insects.

The question investigated here is whether and how far the changes in composition and
abundance of pests and beneficials in arable crop production of Eastern Austria can be at-
tributed to climate change.

A literature survey for known correlations between climatic factors and biology as well as
occurrence of pest insects focussing on Austria and Eastern Middle Europe showed that
relevant information was available only in the older literature before the 1960s. For recent,
climate-related changes in pest status only little published literature was found in Austria as
well as in the neighbouring countries of Eastern Europe.

Some recent notable, weather-caused pest outbreaks and their climatological background
were documented. In spring 2002, the mass reproduction of cereal aphids caused an epi-
demic of YBDV never before observed. Winter barley fields in Eastern Austria as far as Up-
per Austria were damaged so heavily that over 20,000 hectares had to be turned over. The
aphid mass reproduction was enabled by the extreme warm October of 2001. In 2002 and
2003, pea aphids caused heavy harvest losses in organically cultivated fodder peas in Bur-
genland and Lower Austria. For the first time since 1953 and 1954, a pest outbreak of wheat
bugs occurred in 2003 in Burgenland destroying the baking quality of wheat by bug saliva
enzymes.

Due to the lack of published data, recent changes in the status of domestic and invaded
pests as well as their possible causes were assessed by interrogating plant protection ex-
perts. For a number of pests from cereals (e.g. cereal leaf beetle, wireworms, European corn
borer, maize rootworm), root crops (e.g. potato aphids, wireworms, sugar beet weevil, locally:
alfalfa snout beetle), leguminous (pea leaf weevil, locally: clover seed weevil, alfalfa weevil)
and oil seed crops (cabbage flee beetle, cabbage root fly, cabbage seed weevil, brassica
pod midge, rape pollen beetle) an increasing pest pressure was noted during the last years,
which, however, cannot be related clearly to the warming climate but might also be caused
by changes in cultivation measures (e.g. reduced soil tillage, ban of insecticides, pesticide
resistance) as well as land use patterns (crop rotation, set-asides). Other pests, mainly from
cereals and maize (e.g. wheat bugs, wheat stem sawfly, cereal aphids, wheat grain beetle,
picknick beetle) showed pest outbreaks in single years since 2000, with a climax in the ex-
treme warm and dry year 2003. For the first time in Austria the cotton bollworm, flying in from
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Southern Hungary, caused damages in maize and vegetables (bell pepper, tomatoes, green
beans) under open-field as well as greenhouse cultivation.

Case studies for two pest species (wheat bugs, sugar beet weevil) and one beneficial spe-
cies (dock leaf beetle), selected because their increased occurrence is suspected to be cli-
mate related, showed some correlation between weather and climate conditions and insect
abundance and distribution.

Fig. 11: : wheat bugs (left side) und leaf beetle (right side)

Case study wheat bugs: a distributional map showed the focus of damages in Eastern Aus-
tria influenced by pannonic climate. The mass development of wheat bugs in the “bug” years
1953 and 2003 might have been caused by the extreme warm and dry weather in these
years. The years before might have enhanced the successive build-up of populations, be-
cause they showed higher summer temperatures compared to the 30-years average (Fig.
12). In the years since 2003 the wheat bugs remained inconspicuous, possibly due to the
rather average weather conditions with cool and humid spring and summer periods.

Case study sugar beet weevil: the extreme weather conditions of 2003 very likely enabled
the mass-reproduction of the warm-preferring sugar beet weevil, which by concurring unfa-
vourable growth conditions for sugarbeet seedlings in spring 2004 led to a maximum exten-
sion of damaged acreage in Lower Austria and Burgenland, that decreased again in the fol-
lowing years 2005 and 2006.

Case study dock leaf beetle: interrogation and farm-visit data in Lower Austria on distribution
and abundance of the dock leaf beetle, considered beneficial for biological control of broad-
leaved docks, were evaluated for their correlations with regional climate differences and
anomalies. The results showed that the beetle occurs during the summer months only in re-
gions with at least 400 mm yearly precipitation (Fig. 13) and that in years and regions with
precipitation deficits like in 2003 the beetles withdraw into micro-climatically favoured, cool
and shadowy landscape spots. These results are important for the application of dock leaf
beetle enhancement for biological dock control.

From these results, a need for long-term monitoring of climate-caused faunal changes in
agriculture is derived aiming at risk prevention of climate-caused pest calamities. The moni-
toring systems presently run in Austria in behalf of the Agency of Food Safety and the Agri-
cultural Chambers of the Federal States mainly link current weather data with phenological
data of certain pests and plant diseases to provide decision support for scheduling pesticide
applications. With exception of the pheromone trapping survey of the western corn root
worm, having shown up in Austria for the first time in 2002, no countrywide long term moni-
toring systems for arable pests are run in Austria at present. Therefore, a methodological
approach for such a long term surveillance system of pest status in the most important arable
crops is suggested, aiming at recognizing climate-caused changes in time and inducing pre-
ventive measures for avoidance of pest calamities in Austrian crop and field vegetable pro-
duction.
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Fig. 12: Deviation from the 30-year average temperature (0-line) in the years before and after the
years 1953 and accordingly 2003 with pest outbreaks of wheat bugs in Austria; Neusiedl/See, ZAMG.
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Fig. 13: Mean precipitation sums 1991-2000 (provided by F. Salzer, Abt. Hydrologie der NO Landes-
regierung) and intensity of appearence of leef beetles in Lower Austria (NO) estimated by farmers.

Niederschlagssumme

April bis August

WasseEr

~_Mittel 1991 - 2000

niederosterreich
WAS Hydrologie

© F. Salzer, Janner 2004

StartClim2005 page 27




Final Report StartClim2005

4.2 StartClim2005.C3b: Risk analysis of the establishment of the Western Flower
Thrips (Frankliniella occidentalis) under outdoor conditions in Austria as a result
of climatic change

The Western Flower Thrips (=WFT, Frankliniella occidentalis) that originates from the south-
west of North America has spread worldwide in greenhouses in the last 30 years. It lives on
ornamentals and vegetable plants and is considered as key pest for these.

Published data of laboratory experiments at low constant temperatures show that its adults
can survive at a temperature of +5°C or less for only 26 days. This would nearly exclude sur-
vival in outdoor conditions even in Southern Europe, where its survival is documented. It is
therefore assumed that overwintering is successful if WFT is still in the development stage
and slow, but continuous development is possible during the winter months. Such develop-
ment could take place at a low level at temperatures of 15°C or somewhat lower: at this tem-
perature which lies above the threshold of development, oviposition was observed. Numer-
ous publications about damage on typical outdoor cultures such as wine or nectarines by
WFT show that the most northerly outdoor occurrence is situated in the Italian province of
Emilia Romagna. There the mean daily maximum temperatures during winter range between
7° and 8°C, and temperatures higher than 15°C occur in intervals of less than 3 weeks.
These winter conditions are thought to be similar to the temperature conditions that allow
overwintering of WFT. According to scenarios for the alpine regions, winter conditions that
presently occur in the Emilia Romagna could prevail in the warmest regions of Austria to-
wards the middle of this century. Accordingly, it is considered to be very likely that WFT hav-
ing escaped from greenhouses could overwinter outdoors in Austria from then on. In that
case fruitcrops and grapes could be damaged by this new key pest.

Fig. 14: Documented damage induced by Frankliniella occidentalis on different typical outdoor cul-
tures (purple stars) of nectarines and wine. It can be anticipated, that Frankliniella occidentalis hiber-
nates in this regions. Background map is the average January temperature in Europe (IIASA 2006))
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Average rerurn period of days with temperature maxima greater than 15°C in

winter
90
sl 783
69.4
70
60
o 591 47.0
o ]
©
= 0]
30
22.8
20 1 163
10
5.7
4.4 3.9
T 1 31 20 13 13
0 T T T T T T T T T T T
Bregenz Wien Cervia Forli Rimini Florenz Perpignan Bari Roma Messina  Sevilla Murcia

Fig. 15: Average return period of days with temperature maxima greater than 15°C in winter. Yellow
are meteorological station in regions with Frankliniella occidentalis and as reference the two black
Austrian stations (Vienna and Bregenz). The stations Cervia, Forli and Rimini are neighbouring to the
most northern documented outdoor occurrence at Brisighella.
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Fig. 16: Average change in winter temperature in the Alpine region. The scenarios are based on three
realisations with the GCM ECHAMS5, forced with the emission scenarios A1B and A2. 10 year running
mean on the average of the three runs.
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5 Impacts of Climate Change on Health of Animals

Changes in habitats of certain animals caused by climate change may spread epizootics.
Tularaemia which seizes rodents is an example for this. Tularemia is also relevant for certain
human risk groups, e.g. hunters. Shortage of wildlife habitat and therefore more compact
colonisation may lead to higher liability to diseases in the population of animals. Climate
change in Alpine regions can possibly menace the habitat of black grouse, snow grouse,
chamois and ibex and so also the health of those populations.

5.1 StartClim2005.C2: Investigation of the prevalence of tularaemia under the aspect
of climate change

Wild animal habitats are greatly influenced by geographical location, structure, climate, fauna
and flora and may extend deep into human settlement areas, depending on animal species.
This also poses the danger of animal-human disease transmission. This research project
aims at investigating the impact of climate and weather on the prevalence of tularaemia
(pathogen: Francisella tularensis) in hare populations in the lowlands of eastern Austria.

The fundamental relationship between bacterial infectious diseases, such as tularaemia, and
climate parameters can be identified by the ambient conditions required by the pathogen.
Bacteria reproduce at moderate, rising temperatures, are destroyed at elevated temperatures
and are resistant to cold. In addition, the population density of host animals and the abun-
dance of potential disease vectors (ticks, gnats) also play a decisive role. The infection is
transmitted to animals and humans by direct contact with infected animals and vectors, by
inhalation of pathogens or the consumption of insufficiently cooked infected hare meat. An
average of 10 to 20 human cases are recorded in Austria each year, but the number of unre-
ported cases is likely to be far higher. The causative agent of tularaemia is also considered
as a potential biological weapon due to its low infection dose and the occurrence of multire-
sistant strains.

A total of 271 cases of tularaemia in hares was recorded in the area under investigation
(Lower Austria, Burgenland, Styria) in the period from 1994 to 2005 and georeferenced ac-
cording to sender postcode. Temperature and precipitation data for the selected region were
available from 30 weather stations of the Central Institute of Meteorology and Geodynamics.
These data provided the basis for calculating an altitude dependent temperature distribution
for suitable monthly means and period sums. The spacial distribution of precipitation was
calculated using the geostatistical universal kriging method without taking the influence of
altitude into account. A clear correlation was established between the two climate parame-
ters and local disease incidence, which can be represented by the following linear regression
model.

Number of diseased hares per year = 52.12 + 4.08 * (average of monthly mean temperature
for December, January and February) — 3.46 *(monthly mean temperature for May) + 0.26 *
(precipitation sum for June and July)

This formula does not allow absolute prevalence in nature to be calculated, since it is based
on sample data of one specific region. Of special note, however, is the highly significant (p<
0.05) influence of the parameters selected on the incidence rate of the disease and the coef-
ficient of determination obtained (R? = 74.6 %). It becomes clear that about % of inter-year
differences can be explained by temperature and precipitation conditions: warm winter tem-
peratures result in an increase in incidence, while warm May temperatures lead to a de-
crease; high precipitation in summer again has an enhancing effect. The ideal conditions for
the spread of the disease are thus warm winters combined with cool May temperatures and
precipitation in summer.

This correlation was derived from observations and of course does not apply to arbitrary
temperature and precipitation values. It was therefore attempted to find empirical limits for
the parameters contained in the formula on the basis of actual prevalence. A high incidence
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probability was obtained for annual precipitation totals below 720 mm, summer precipitation
around 180 mm, winter temperatures above 0.5°C and May temperatures below 14°C. These
limit values allow the spatial distribution of the disease to be calculated for current and future
conditions.

A climate change induced warming of 2 to 4°C was assumed for predicting the special distri-
bution of the disease by 2035, with warming expected to be more pronounced at higher alti-
tudes than in the lowlands. Figure 17 shows the possible spatial distribution of tularaemia in
2035 following a rise in mean annual temperatures. Changes in precipitation were not taken
into account due to the lack of a suitable scenario. Under these conditions, tularaemia will
slowly spread from the eastern lowlands via the Danube valley to the west and via southern
Styria further to the south. Additional incidents of the disease could also occur in those inner
Alpine areas providing favourable climatic conditions.

temperature dependent spreading
of Tulardmie

2005

Fig. 17: Prevalence of tularaemia in the years 2005 and 2035

In summary it can be stated that climate is the key parameter for explaining the distribution of
tularaemia in the past and that limit values for individual climate parameters can be identified.
The expected warming could result in a massive expansion of the potential tularaemia distri-
bution area. It would therefore be important to inform risk groups (hunters, foresters, farmers,
laboratory staff, taxidermists, housewives etc.) beyond current prevalence regions and rec-
ommend their taking preventative measures of work hygiene (protective gloves, moistening
the fur when skinning hares, insect protection, face masks in the lab) when handling hares
and rodents and their following good kitchen hygiene practices when preparing and cooking
hares.
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5.2 StartClim2005.F: GIS-based analysis of changes in the habitats of alpine wild
animal species (black grouse, snow grouse, chamois, ibex) due to shifts in the
tree line as aresult of climate change

Wild animal species such as the black grouse, snow grouse, chamois and ibex have adapted
to life in an Alpine environment above the tree line in the course of their evolution and thus
form part of this very sensitive ecosystem. The habitat of these wild animal species might be
substantially reduced by a potential upward movement of the tree line as a result of global
warming.

Possible changes were determined on the basis of the temperature development of the past
50 years and an estimate of future warming derived from a regional climate model. A poten-
tial shift of the tree line and thus also of the habitats of wild animal species was investigated
for an area in the Niedere Tauern range. The selected exemplary scenario derived from the
climate model predicts a warming of approx. 2.2°C for the area under investigation over the
next 50 years.
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Fig. 18: Temperature change from decade 1990-2000 to decade 2040-2050 (MM5 climate model)

The elevation of the tree line strongly depends on temperature, with literature data suggest-
ing that the growth limit of trees is highly correlated with the 10°C July isotherm. Temperature
averages for the entire growth period, however, produce better results than monthly means.
A preliminary analysis showed that the 6.9°C isotherm of the growth period is in good
agreement with the 10°C July isotherm. The deviations between these isotherms are small
and the growth period temperature was thus used for the subsequent investigations.

6,9°C Mai-Oktober Isothermen - Dekade 1990-2000 und Dekade 2040-2050

Fig. 19: Isotherms at the temperature related growth limit for trees

Precipitation is considered to be of lower significance in the Niedere Tauern range, since it
does not constitute a limiting factor here.
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The climate model shows that the relevant isotherms in the Niedere Tauern area will rise by
approx. 450 m over the next 50 years, as can be seen in Figure 19. This value is only valid
for the specific global climate scenario selected. Values for the potential level of the tree line
are very dependant on the selected climate scenario, as the temperature rise for Austria e.g.
fluctuates within the range of 1°C for the period of the next 50 years for different scenarios.
As the selected scenario is not an extreme one, it can be assumed that the rise of the 6.9°C
isotherme could be even more than 450 m.

No statement can be made on how fast the tree line will advance towards the temperature
related growth limit without additional research. Human management practices also have a
substantial influence on tree line position so that future changes in the tree line cannot be
exactly foreseen.

Assuming, however, that the shift of the isotherm will also result sooner or later in a shift of
the tree line, the question arises as to what this will mean for the habitats of alpine wild ani-
mal species. To answer this question, the relevant parameters for determining the present
habitats and land cover were derived from a digital height model and assessed using a GIS
and a knowledge based habitat model.

The GIS based simulation of the upward movement of the tree line allows the calculated
changes/habitat losses to be mapped and quantified. The use of a geographical information
system proved extremely convenient for this project, because it allowed information from
different disciplines to be combined in a common spatial framework for subsequent compre-
hensive analysis. In this way, a direct correlation was established between temperature
changes and the tree line and their effects on the habitats investigated.

Eignung als Lebensraum

temporar maglch
P ot gesigre:

Fig. 20: Present and future habitat suitability for snow grouse, assuming a temperature increase of
approximately 2.2°C and derived shift of the tree line.

Tree ring analyses have shown that the tree line has shifted repeatedly in the past 8000
years as a result of temperature changes. In the postglacial period, for example, the Alpine
tree line was located at an elevation which it could well approach again in the future.

Assuming that the tree line will reach the isotherm calculated for the decade 2040-2050 in
the future, this shift will result in a dramatic habitat loss (Tab.6).

The habitats of all four wild animal species investigated will substantially decrease under the
above assumptions and model results. The snow grouse in particular will lose its habitat al-
most completely. This can be seen even more clearly in the map of Figure 20. The expected
results include dissolution of present subpopulations, increased susceptibility to disease in
suboptimal habitats as well as increased susceptibility to predators as a result of reduced
visibility caused by the increase in vegetation. The four wild animal species investigated can
be considered as very sensitive indicators for the negative habitat changes resulting from
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shifts of the tree line due to climate change. A number of other animal and plant species of
alpine habitats, however, will also be affected to a similar extent.

Tab. 6: Change of suitable habitat areas compared to present habitat area assuming a warming of
approximately 2.2°C and a future shift of the tree line.

Change in habitat area [%)]
Assessment well suitable moderately suitable temporarily suitable
Black grouse -97.95 0 -99.65
Snow grouse -98.02 0 -93.85
Chamois summer -79.76 -89.86 103.72
Chamois winter -80.00 -82.05 29.00
Ibex summer -93.35 -62.34 -75.65
Ibex winter -77.52 -79.43 -71.63
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Implementation of a comprehensive literature data base on climate and
climate impact research as a generally accessible basis for future cli-
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(www.austoclim.at/startclim/)
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Herbert Formayer
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Werner Schneider, Franz Suppan, Tatjana Koukal
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Federal Environment Agency
Martin Konig, Herbert Schentz,
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Institute of Meteorology, BOKU
Ingeborg Schwarzl, Elisabeth Lang, Erich Mursch-Radlgruber
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